Gene therapy for meningioma: improved gene delivery with targeted adenoviruses.
Due to their surgical inaccessibility or aggressive behavior, some meningiomas cannot be cured with current treatment strategies. Gene therapy is an emerging strategy for the treatment of brain tumors, which the authors investigated to determine whether adenoviruses could be used for gene transfer in meningioma cells. The presence of the high-affinity Coxsackievirus and adenovirus receptor (CAR) for adenovirus type 5, as well as endothelial growth factor receptor (EGFR) and alpha, integrins (ITGAVs), were analyzed in primary tumors by using immunohistochemical studies and in primary meningioma cell cultures by using fluorescence-activated cell sorting. Targeting of adenoviruses to EGFR was achieved using bispecific antibodies, whereas targeting of adenoviruses to the ITGAVs was accomplished by insertion of an RGD (arginine-glycine-aspartic acid) motif in the adenovirus fiber H1 loop. Gene transfer efficiency of untargeted and targeted vectors was compared in primary cell cultures and in spheroids derived from patients' resected tumor material. The presence of CARs was observed in all tumors and in all but one of the derived primary meningioma cells. The higher expression of EGFRs and ITGAVs indicated that these receptors could be used as alternative targets to redirect the adenoviruses. Redirection of adenoviruses to the EGFRs or integrins enhanced gene transfer threefold (range two-sevenfold) for EGFRs in primary meningioma cells and ninefold (range three-23-fold) for integrins (p = 0.002, analysis of variance). The effect of adenovirus targeting was confirmed in spheroids composed of primary meningioma cells. Gene transfer with adenoviruses targeted to tumor-specific receptors is very effective in primary meningioma cells and spheroids. These vectors are promising agents for gene therapy of meningiomas.